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SUMMARY

The United States Air Force had encountered difficulties involving
the avallnbility, quality, and format of air weapon system design data re-

quired for the acquisition of simulators. In view of the increasing impor- I
tance of modern digital computer-driven flight simulators in providing the

required training, both for initial qualification and for the maintenance of

readiness, it was determined that an up-to-date standard to identify the data

required by simulator manufacturers was needed. This standard would then be

included in the development and acquisition contracts for future weapon sys-

tems to provide for the timely supply of the requisite data.

Systems Research Laboratories, Inc. was selected to perform a study
of the simulator data requirements, resolve any difficulties incident to the

timely supply of that data, and ptipare a General Requirement for the acquisi-

tion of that data in future contracts. The study was conducted by surveying

simulator manufacturers and simulator acquisition activities to determine the

problems and requirements, then surveying aircraft, avionic systems, and

engine manufazturers to determine data availability, problems in satisfying

the requirements, and suggestions for alternate approaches.

As a result of this study, a proposed General Requirement was pre-

pared which could be included in future weapon system procurement contracts

to provide for the timely supply of the data required for simulator develop-

ment. I addition to this "Data Specification," certain other actions are

required to make the system work.

1. Order the data when the aircraft is ordered.

2. Plaue simulator data at a hg& enough prectd:&-ie tt £'rrre

complianc e.

3. Make certain that simuliator data requiremc.os .are ircluded In

the procurement contracts for GFE items.

vi
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4. Have simulator data delivered to the Government.

5. Have an initial data package based on the best data available,

probably wind tunnel, bench test, and engine test-stand supported estimations,

delivered after the aircraft design freeze and before announcing the simulator

development competition.I-'
6. Have the initial data package updated at specific block in-

tervals until all data is based on flight test results or equivalent "hot

bench" data.

7. Task the Air Force Flight Test Center to make engineering simula-

tions of each new aircraft development program and to derive the handling

qualities and performance parameters from flight test data for the use of

the simulator manufacturer. Make this an early item in the flight test program

so that the simulator can be in operation at the operational command in time

to support the receipt of the first aircraft.

8. Task AFFTC to supply a qualified test pilot current in type

and a flight test evgineer to assist in the simulator development from the

initial contract award through acceptance testing.

Other recommendations for further studies to resolve certain simu-

lation technical problems and to reduce the cost of simulators are included

in the report.

vii



SECTION I

i NTRODUCT iON

I. BACKGROUND

The Aeronautical Systems Division, Air Force Systems Command, United

States Air Force, Wright-Patterson AFB, Ohio, recognized problem areas in

the acquisition of data required by aircraft simulator manufacturers for

development of simulators having high fidelity of duplication of the perform-

ance of the weapon system. The need to establish sound business arrangements

between the aircraft manufacturer, simuiator manufacturer, and Air Force

for the acquisition and transfer of data was appaient.

The rising procurement and operational costs of modern air weapon systems

combined with a need to conserve fuel and to extend the service life span and

inventory level of high performance combat aircraft dictate a requirement to

perform mpre and more of the training necessary to attain and maintain combat

efficiency in simulators. This will not only create requirements for a

greater number of simulators but more importantly, it will require a great

many more full mission simulators. The'requirement for timely and accurate

datais therefore escalating rapidly.

The current practice is to either make the simulator a separate procure-

ment with each simulator manufacturer making his own arrangements to obtain

the data he needs or to make the simulator a line item of the weapon system

prime contract, thereby making the prime contractor responsible for the

necessary data as well as the simulator. Neither of these apprcaches has

proven to be entiiely satisfactory. One approach resulted in encountering

difficulties involving data availability, quality, format and timely delivery

to the simulator manufacturer since there is no s~andard list of the data to

he procured or its format. Also, the data is not ordered until after the

aircraft prime contractor is well into the development program, which accouw

for extra co:,.ts as well as iack of availability. The other approach plak-es

the. (Government simulator experts "out of the loop" and in a position of

reduced visibility of the simulator development and in a secondary position

I



1 egar-ding the emplyment of assets. t4norder to effect a timely delivery of
the simulator,

in the fall of 1975 the Aeronautical Systems Dlivision, Dleputy frr

Doveloptnent Planning, announced an intention to oront--for t st.Udy of the

aircraft simulator requirements and data acquisition areas. A subsequent

competition. resulted in award of a contract entitled "Aircraft simulator
-.- ---- Dat-Reuirxuet&Sudv_toSylatems Research.baboratorles, Inc. (SRI.) of

Dayton, Ohio. Thle study was commencee --on -1 R~AY -1976: -with--mltin fal.. -

41items required by 30 January 1977. The stated objective of the studyvwas to

improve the process of acquiring data reqUired for aircraft simulators

through the identification of problem areas in data acquisition and definition

of standard data requirements through preparation of a proposed General

Standard. MIL-D-23143 (Wep), "Data, Technical Aircraft; for the Design of

Aviation Training Devices," was to be used as a guide for the preparation

of the new standard.

2.* METHODOLOGY A4
The study was divided into three parts. Part I consisted of thoseI

efforts necessary to determine the requirements for data through reviews of

current specifications, meetings with simulator acquisition agencies, and

through interviews with a selected list of simulator manufacturera-. Part 111

consisted of those efforts necessary to determine the availability of data

through interviews with airci if t manufacturers aaid Government Air Weapon

System test activities. Part TI consisted of an analysis and reconcillia-

tion of the data requested versus the data available, a resolution of

problems, and preparation of the recommended standard. It also included

vrevaration of a final technical reol and nresentation material In addition

to the Dronosed General Standard.

It was recomnized from the be~innine that Rood cooneration bv the

Comnanies Lo be interviewed was essential to the success of this stuldv. As

a .;ten to help achiieve that cooperat ion, the Aeronautical Svstems Vii-ionA

-ent let ters to a prosnect lye l ist of a ircratt ind simulatuor mantatUrt,?-



before the data study request for proposal wac issued, explaining the

objectives of the study, stating that contractors who manufacture either

aircraft or aircraft simulators would not be Permitted to perform the study

and requesting that the companies voluntarily cooperate with the study on a

non-reimbursement basis. After the contract was awarded, all simulator

manufacturers who had responded to the ASD letter offering to cooperate in

the study were invited to a kick-off meeting at SRL on 21 May. The purpose

of the meeting was to explain what was planned, to solicit suggestions

relative to the study approach, and to again point out the importance of

cooperacion. Representatives from the Aeronautical Systems livision's

Deputy for Development Planning, Simulator System Program Office, and Deputy

for Engineering, Flight Simulator and Trainer Branches, from the U.S. Naval

Training Equipment Center and from the Air Force Human Resources Laboratory

attended, as well as representatives of the various simulator manufacturers

listed in Table 1 below.
TABLE 1

SINZJJATOR IWIPUACTUREM SLECMtED

AAI Corporation

Goodyear Aerospace Corporation

Gruman Aerospace Corporation

McDonnell Douglas Electronic Company

Singer-Simulation Products Division

9,
The proposed approach congisting of submission of a questionnaire to be

followed in a short time by the SRL interview team was acceptable with no

changes requested and was imple .ntad in the study.

The status desired for the General Standard was discussed. Specifically,

the applicabilit) of the standard as to type of aircraft and whether or not

it was to be a trn-service document. The decision was reached that this

study was to address fixed wing, horizontal takeoff, turbojet, turbofan, or

turboprop powered landplanes only. !t would not address helicopters, seaplanes,

and VTOL. It was decided that these could be handled better by separate

standards rather than by one voluminous standard that applied to everything.

.4
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a !  It was also directed that t'e study directly address the Air Fo:ce probler.

If zoordination with other services were desired it would be taken care of

by the Air Force subsequent to this study. Whether to estimate a future

simulator technology or base the study on current technology and performance

requirements was discussed. It was determined that the study would address

current simulator specifications. The investigation was conducted based on

these clarifications of the ground rules.

4
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'rule selection of, simulator mantoacturers to bo interviewed was made

ba.'ed on tue responses to the ASD letter of 25 November 1975, additionail

comaents received at the kick-off meeting, and the need to cover the companie,

with Air Force simulator experience covering the spectrum of similar types

trom full mission to part task trainers. Based on these criteria, a proposca

list of simulator manufacturers was recommended. This list, the companies

listed in Table 1, was approved by the Air Force for .mplemntation.

A proposed qtestionnaire was prepared and coordinated with the Air For-ce

Program Monitor following which it was mailed to the companies previously

iisted. h'ie forwartiing letter requested that the questionnaires be complet t-c

and held for discussion with the interview team when they visited the plant

in about two weeks. A copy of this questionnaire is attached as Appendix A.

All companies listed were visited by the interview team. during the simulator

manufacturer's survey except (;rumman. Due to the complete involvement of th e

key people in proposal activity, Grumman could not accommodate the survey

during the period scheduled for it. Arrangements were made to review their

simulator requirements when Grumman was visited as part of the aircraft

manufacturers survey.

At tle conc lusion of the planned interviews, a review of the answers

rece ived uisclosed good agreement as to the data required through a repeti-

- iton of answers. It was there fore decided that additional simulator manu-

-,c ur#-r intervijews were not reciu ired ais part of the requirements determinat ionI. process.

Iii
4.!
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and o 1 to t 1ie- right. man In l t~iie ;dircraft (or avionics, ,r engine) 'ta'r'

*fI.fl rI'Ill 4,epar,'ment It wo-; Id itencral 1' on!; lit t-sf iriated data I-ut is

'' 1a ! " I'll 1c"" nld tVV i 1)t -rsat'e d Shi maagmntas 'eprv er i i v
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ti* heimulator manufacturer.; ,stated that the flow of' information is must less

i rtt-itrainvd whe~n the WS prime does not have a close knit corporate relation-

~Shrip to a .Simulator mantifacture~r and the simulator contractor is similarly

divorced from corporate tic:, Lo aircraft manufacturers.

As examples of good cooperation, there were three simulators studied

.here the simulator contractor supplied a well qualified simulator engineer

on-site in the weapon system contractor's engineerin,; department to assist

in pulling together Lthe data package. These men were given free access to

all engineers. In all three cases the data packages were complete, supplied

on time, and to the level of accuracy available to the aircraft manufacturers.

The tollow up inquiries were well organized and generallx quite fruitful.

Two of the simulators, involving different manufacturers in each case, wec%-f

built on schedule and went through acceptance testing with a minimum of

confusion. in the third case, the simulator manufacturer received a complete

data package on time. This was a total package" procurement with the simulator

procured through the prime contractor, however, the simulator data require-

ment dates were well ahead of the design freeze dates on the airplane, hence

numerous, time consuming and costly changes had to be made to the simulator.

This was a procurement scheduling rather than a data problem.

In contrast, there are a few cases, including cases [nvolving supply

of the simulator as part of the WS prime contract, in which the simulator

manufacturer has been prohibited from talking to anyone except his program

monitor in the prime organization. In most cases these are procurement 4

people, in one case a person in the AGE group, who do not understand tile

data problem and are not motivated to s(lvv it. These situations lie at the

bottom o1 the worst examples of simulator programs that were discovered

during this study effort.

In several cases tli' simulator manulacturer has been supplied with an

experienced pilot to attempt to get the simulator to, fly like the airplane

i the absence ot a good data package. This has heen success fullv accomp1i 511th

when tle proit pilot supplied i., an experienced test pilot and where tie ha.

a'ccss to the aircraft being simulated so that he can alternate actual flight

7



with simulator testing. The ability to continue to fly the actual aircraft

regularly is essential to the maintenance of an adequate comparison base and

from time to time to investigate a particular phenomenon. This procedure

has been atteMpted utilizing pilots who have not been trained to oerform test

work. The reqults have not been satisfactory.

The main drawback of this approach is that the simulator manufacturer

may not learn of fairly significant problems until quite late in the program,

a very expensive situation. In addition, it ties up a test pilot, an airplane,

a simulator and a simulator design team for an extended period of time, which

is also very expensive. Unless great care is exercised, the adjustments to

'rrect current problems may mask serious simulator problems that will emerge

in later use of the simulator.

It was universally agreed that a good data specification, if enforced,

would go a long way towards solving the problems. Enforcement, "clou.," wa3

repeatedly pointed out to be essential. In this regard the Government pro-

curement activities are in the best position to apply any pressures necessary

to achieve a satisfactory solution of any data problems. It was also stated

to be prefer.bl.e for the Government to obtain the data and then de'liver it to

the simu!ator manufacturer. 'Being a subcontractor to the WS prime c-npletely

deprives the simulator manufacturer of "clout" to obtain data and other serv-

ices ,ey mipht require. Because of this the simulator manufacturev 4, with

one excepti, stated a preference to be direct contractors to the Covernment

and not suhcntractorq to the weapon system prime. The one exception is a WS

prime cootrn'.tor who also is a simulator contractor.

!t was determined beyond question that the situation can be improved

v, .' "'. "n,lading a proper simulator data speci!"ication in aircraft prim,

,ntr t ar! *,nlorcr s t imel v comp] ianee(- with i t.

!n the )resent ituation o.ach simulator manufacturer must make own

arrang,,rents for obtaining an .(i,7,u,-te data package. Just how thorigh and

at nra te this m,''kage m,:st be I cnce it s cost is not known until acceptance,

le;' ing. As a requ I t, the simu lat, u roposa] must cont,!1 n :r to,,t fi yr ,

,. i' * , u' 4t ;p, ' -;t '' ;t , "r example, in at rec.nt pr(,(ur,.ment , , '.S

.. ... -* .
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manufactLurer was quot ing one nat,i i io l.nrN t l ,, ;r i r i;ia Ki . , ,

Inclusion of such a data Cos.t wouid havc place€d , si-,,.at,,r maniacttjr,.r i.n is

: poor competitive position henlt, hk- mwst estimratt, wl't , . a CO)nl,.titiv,. ,.,,..

and trust that he can obtain a good enough data packag, to get by at tliat

figure.

Nearly everyone was emphatic in their statements tuat this was nflt

good business relationship. One man (not a company) wanted thit sitl.at iOU to

continue on the grounds that he felt that his person.J contacts were better

than anyone else's hence he had a competitive edge in tile present situattion.

What the simulator manufacturers would like is ior tile k.overnn.unt to

collect the data package in one place. When an RFP is contemplated announce

tile fact and send all manufacturers who qual i IV for the R!P a list o!I ti,. d.1t,

collected and an invitation to review the data package. Have tne competition

i based on that data package, which will be delivered to the winning contractor,

and have all simulator specifications referenced to that data baseline. Of

if course provisions will have to be made for updating this data package at

intervals, preferably not more than two, while the simulator is being

develop. d.

All parties pointed out that regardless )f how perfect the specification

and resulting data package may be it would still be ne'essarv to have

consultation with the engineers who prepared the data in order to understand

the package well enough to develop a simulator from it . Consultation mav

also prove to be fruitful as the simulator design begins t. firm up. This

was desired to be attained as an individual problem since the capabilities of

the various simulator manufacturers differ hence the amount of consultation

each may require in order to understand and employ a given data package is

different. Such differences in capability are proper sound business

competitive factors and would receive recognition in costing (as opposed to

personal contacts for back door information).

NThe simulator manufa.cturers would also like to have, a project pilot

(test pilot) and project crewmembers designated early in the program to
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Sover.a i pr m. !Iav a.I'.,,c i .i t on p ast whre I to a i rcrasft mInllt -L t r r

i d not he it, v, t I th . i mu 1i t r man ' I a ,-t er nkeded dat a to tlit de t a i I

t' request Od recLe waks verv re luc t lt o h .1)i[ it In ta lest ev-rv case t he

simu Iator mahit, turr was reqIcst itg I inv grain detail in order to obtain

tidelity in simulation ot malfunctions. This is being approached by making

mathematical models of each subsystem then combining them in a system model.

irailure. or degrad.ktion of performance of any subsystem can then be duplicated

and the result on system p6,rformance determined with gooo fidelity. This is

an expensive approach which is required to meet a literal interpretation of

current requirements. It requires an excessive aiount of expensive data and

results in a tremendous amount of unusable capability. For example, one

simulator manufacturer estimated that it would take a full year of two shifts,

seven days a week operation of one of his aircraft siw.lators just to run

tirough all of the taiiures nis simulator could duplicate. It is apparent

that considerable savings could be realized in this area by only simulating

a few of tile -most important failures (e.g., 25) and implem-nting the pil-ot's

cues ot these impending failures, abnormal operation or failures, from the

instructors station.

All manufacturers consider that the instructor's stations is the real

key to the training system. It can be simplified in most cases, and be made

in modular form with the majority of the modules standardized, which would

result in a considerable reduction in acquisition cost and a far greater

reduction in life cycle costs, including instructor training. Instructor

station decisions are dictated by the training objectives and must lead any

simulator design.

The var Iou. companies es t imated reduc t ions in the acquisition cost of

simulators thiot could be real ized by specifying the hi gli If idel ity of replica-

tion ot handling characteriStics and mission equipment over only that portion

of the total flight envelope that is important to success of the mission

instead of the entire envelope, and by allowing the same spread of accuracy

of the parameters in the simulator that would be encountered in a prodaction

!ot of aircraft. Savings can also be realized by providing incipient and

actual malfunctions cues tinder instructor control and only for the limited

I_
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number of malfunctions for which the pilot can and should take remedial action

in flight, and by standardizing major portions of instructor stations and

associated interfaces. The estimated savings range from IS percent for the

flight envelope only to 40 percent for the entire package.

B. Avionics and Display System Discussion

All the general problems discussed for the aircraft portion of the simu--

lators also apply to the avionics and display subsystems. In addition these

subsystems have some unique problems.

The newer weapon systems, represented by the F-16 and DAIS, have onboard

computers which operate as a central proceqsing station for many displays and

operational equipments. These systems present vastly different demands than

older of'-linL' computer systems such as the A-7D. The sensors make inputs to

the central computer (processor) which performs the preprogramed or commanded

operations on this data and generates the data that will appear on the pilot's

display. Target acquisition, navigation, ECM, aircraft performance and similar

subsystems all make inputs to the computer and accept conmands only from it.

The outputs are displays of prioritized targets, aimpoints, steering orders,
weapon launch computations, threat evaluations, present position, etc. The w:a\s

the inputs ale manipulated to determine certain outputs are controlled bN' tIct I--

cal tapes. To date each tape has taken about one year to prepare an: debug a)d

they are issued on a frequency of greater than one per year. If the -.1mulator

manufacturer does not use these tapes directly, including automatic translation,

it will. probably take hi, about one year after a tactical tape is issued to

transpose the information to his tape and debug it. Since automatic transition

efforts are reported to be unsuccessful and not likely to be useable, the simiu-

lator will never be able to be representative of the tactical aircraft, and the

process is e.-tremely expensive. It was unanimouslv stated that simulators must

be able to use tactical flight tapes with minor editing to delete unnvcesuarv

routines.

I , A straightforward solution would be to utilize the onboard computer in

tlie simulator, or utilize a non-flight qualified machine which could use the,

t ctical Lapes. The fi.rst situation results il o expes, I vei hardwai re ,lad oML

computatjomil speed proble ms which can be overcome 1,v "mii doi.gn. 'rit,

second approach presents the Air Force with i limited number c special svs!( t-s

to support, thereby creating a logistic problem whin-i culd prove to b,, fic

12
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t- zsanle I ki iL ~t) t) s kn 1, At -r~ t 1%,;-r.'
the best aayroak-a to the .t.,*t z-ail pr . .. 1ir - t-- a .&t r :-an.. at tirvr

would then have to deterraine a.ans to :,nrtiona.lv s muiatt An.;or. .tl-r

,omputvr input sourceb so :nat the pro^ tim"Iation- -an -i. prettentea to tri,

control processor. Tiere i . -a go,: p iibj-it, b to- o or .l. itn .l t.ie zent.r

functional simulations due to the Air Force program to stamdurdize onrior Iuz-

put interfaces.

The newer weapon systeLms have st:., al .t-nsorN to tietec't tnrvat3.

Preparation of mdttheviaticai models zo sy::t z,[.s e~ re :,,irv.

access to inteliigvn'e levie data. 7his ;resent-, a • earan-e WrOA1- v.i-:.4.

,.in "w solved. The resiGual proble, of wnq re to go to get :*_ recuirt-d dita

an,!I how to extract the data once t:.%- pr per repusitory i s i,nti: .-C i., -k

difficult probler.. The vario..% alenctes that collect the recqirva data Cd.,

have their ovn reiository and documentation method. Since ttire is M.) on,

central ager-v that coile-ts all the required uata anm sin%-- the 4ata detaiA

is sce'ario dependent (even for the same tnreats) tne problem is indeed

formicable.

ih first step ,s i,;ertiL icat ion lie- our. o: Zata w'.; .a a

iiovernrlent reipc'si" tit v. hit. It tog i etnat XSA us-d to maintain was a

good start. it shnoul 6e 'xpand.t-i ow-, to trie .cv%.- .tl .. nif , organizait :on

and phone numbet .or eakh type ot dati. Pret era'Iv t tht. iata woulc oc *iul .

i ttogether by a single :..ain or source :or V ie (.overnme. usit.. -u.d ailso bh.

respons io I e I or Nort ing . re.olving conz i I,, t N -t . gene-r, t , a "adt .1 ,i

tile t.overnme.nt w, i..v-ol * n - .t Is* a.,co p iz-h k; hv tti, -,i . ', tor

design ba e in e, tu.) LI loar n ott , t tvr contr.act i wtrtt. " th i not

done til expand.u tZiiting i il . wouln I), roquirtd hV tii. sim.ul.ator .inuttacurc r

with ithe Govt' rnll et acquisition &ctivit v utilizing ever% 'pportunitv to

expedite tihe necessarv clearances. it is expecte d that :vrtain data , Ior

example antenina scan patterns, will noL be in the data bank. In such .s case

iie (;ovtrnmnt will iivr C .iiv -,u obtain taic, data or ,.ccept the ,ontractor',

best eht imate.

In tliese tvpu , of ;vystem, thet training information m, of'ten be

extracted from quite slbtle changes in visual or aural presentations. Not

.4t
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'-"app roved I L procutItre (Al P) tIlaL t l ,i im'i l. or does I I act sati sly i

.specil icationl and is suitable I-or service use.

A long span is shown for operator training. It is not intended that

operator trainig would exte.nd full time over that period rather that

operators (and maintenance personnel) would be trained and titlized as part

of ATP and other operations from time to time during that span of time.

Not all flight trainers are full mission trainers. Some will concentrate

on only a portion of the mission (for example instrument flight) which will

resuit in a greatly simplified trainer since only the systems used for that

portion of the mission need be simulated accurately. Some latitude could

also be given in the amount of the flight envelope to be accurately simulated

without any reduction in the accuracy required over the portions of interest.

f A trainer of this type would have a development schedule typified by Figure 2.

Thie data packages are as previously described for the full mission simulator,

however, only those systems to be simulated need to be covered. The data

package is therefore smaller and required on a tighter schedule as shown with

the initial package, three months ARO, the complete package at seven months

and the final package at 12 months ,iti actual aircraft test data being

incorporated between the 18th and 20th months. Although the data package is

less voluminous the reduced schedule will in many instances make this more

demanding than the schedule shown in Figure 1.

The last trainer data schedule presented is for a part task trainer for

electronic warfare, Figure 3.

A clear statement of che training objective and general information on

kinds, type, number, displays and controls, crew station layout and tacticai

doctrine is required well before the RFP. These data are required in order

to "size" the task. These data must be augmented if necessary and approved

at a contract kick-off meeting immediately after award. The accumulation of

data is a continuous process from then until CDR, seven months ARt). Bv PDR

OIL threats (number, type disposition), the approachl to simulating tihv thr'eat ,

the approach to the equipments (simulate or use actual equipment) and a

19



complete layout ot the crew stat ion will ~I ve been completed, three months

ARO). I'he f i na dit a package wi iI have to he reeived and appro'red bv CDR.

This involves; Man1y dec is ions ba--"! on judgment for which an experience "user

expert" assigned to the program tvaml would be invaluable . For some equipments

ts ditta poackage s!.oulLI conta i i aurali and video recordings of the equipment

in operat ion it Ote Q ju ipmenil Is in service.

During tw contractor's evaluat ion phase the effects of anomalies,

unusual responses, etc. will he incorporated into the simiulation (st imulation)

in order to miake the simulator capable of realistic training of a mission

A capable EWO.

E. A'cj~tiwe_ 'lst Procedure

The acreptance test procedure is ne rhaps the most important single

document in the ent ire simulator data regimie. It is the docutment whiAchI governs the activity which determines whether or not the s imlator Is
satisfactory for delivery. For the contractor it determi.nes final ilayments

on the cont.:,ac t; t or the procurinug act ivity it deterrr ines whether or not

they will litve a sat isf led user command.

A great many problems have centered around the AIP in he past. In

general teeare tauised by wr t ing the ATP around a data 'Packag*' t~fit i'c

u ilterelit. 1 r'on'Lthe one that has been approved as the has is for the dAesk,.?)!

the shilator. T!'ie simuitlator is then tested to ilhis later data. V.'iether or

t not the , inlator passes these tests; Is a measure 01' how accuratel \ the

apr'rovedl dat;i package represented the real air weapon systo-mn and not of how%,

at-c cura t e I v t h c, -on t ra ct or ha s d Lip I i ca t ed aI S VStLem rel, resenilt eQ0 b V ,I L. dat t a

package. 'The !imulator cont rac to r shoul d no(t he con Si c-tired I pa~t to t

c rva ti iol t he dat a package, even thotigh hu' had to LO plocire, it It orl l 'c

- ~ WeaO;I11s -' I em1 pr if inc il t -a ctLo r . sin ce vs 11 Wa s u oilsL ra ineid to p1)roc~ -ure- whaI-It t v

li pr ime I id !)repi red ( rect' rded , tc t- (II ;Ino t )wt- (;ove inciln conl t rat, '1'!

to contii t. test,; v~ t tI . to ;is'Ltt il t lhe va I i d it '~ ! that d.0 a tic o jltt, 111

.111 '110'dced addtit ioi 1l dati . I t. Was tItiamn l I .; I tat Id Ii h-t ('lsI

resti I I t rwli tis!t I nv t o i,(r dait:i or I roT' tc ' .o' it I'. rt 'c' 'i



thing" shoiild he at (overnm.ent I,[ . 'Th':rt- a|ppt -;i r to be> Ino a dv: nt: to

Lt L, p re.,sent system whi ( I in' t l tt v L ,4tyS "II Iid I ( .,i 1M I l o¢r t¢ a ,,.at, h& ast-I i nl.

b it ifth (- accept ance! LestL team doe~s llot Ilikt,--chI ange it."

Better business relationships would result by requiring that the ATP be

prepared to reflect tie data package supplied, that tile tolerances spec ifited

be the same as allowed for a production lot of aircraft and that the simulator

test procedure h ftowr, exactly according to the test procedure. This will

establish whetner or not tile simulator contractor has fulfilled the terms of

the co,.t-rict and will verify the performance of the simulator to the math model

based on tile iuproved data package. All the changes resulting from this

qualitative evaluation would be "within scope" changvs. The other portion of

the procedure is to validate the data package (math model) to the aircraft.

-This is tile portion that has not been performed in a timely fashion in the

past. The greatest difficulty has arisen from the lack of flight test data

in time to incorporate it into the simulator. (The simulator manufacturers

state that often the first time they see any flight test data is during

acceptance testing.) It is considered that changes resulting from an

incorrect data package are "out of scope" changes or at ieast questionabi-.

By mixing both portions of the procedure into one acceptance test activity is

patently undesirable.

If enough emphasis is placed on obtaining the required aerodynamic,

flight control, weight and balance, anti iner data early in tie flight test

program it would be possible to have this dat,., including flight measured

derivati" ..s, to the simulator manufacturer in time to use it in the contractor'."

evaiuation program. Unless the original data package were grossly in error

it is doubted if incorporation of this data into the simulator at this time

would result in additional cost., to tile program. With the changes incorporatuAl

to bririg the data package to tle aircraft it is now possible to conduct a

tormal acceptance test wihiic is for tile purpose of verif ing that the simulator

is like the aircraft in those areas where it is supposed to be as specified

in the contract which is reflected in the ATP.
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We ighL, Balan c and Inertia

"I1 Test-s of Actiial Aircraft

2. Tlheoretical Estimations

C Cre'W .;ta ions

I. Formally released drawings supplemented by photographs of

actual aircraft

2. Preliminary drawings supplemented by photographs of mock ups

or illustrations

Ground Operations

1. Taxi Tests

2. Component Tests

3. Theoretical Estimations

Although the simulator design can get started with data of lower

precedence it must have all data items based on precedence one sources.

Trainers would only need that portion of the data applicable to the part

task they address from precedence one and can use data from lower precedence

sources in other areas.

B. Aerodynamic Data

This data is desired in the form of derivatives for the standard

handling qualities and curves for the various performance parameters. It is

very important to have an understanding of the deviation of the data that

would be anticipated in a reasonably large lot of production aircraft so

that the curves can be made into bands and the inevitable compromises

necessary in the simulator's math model be made with the guidance of staying

within that realistic spread of data.

C. Aircraft Systems - Non-Avionics

The data for these systems should initially consist of an engineering

description of each system which will define the system, how it works, and

the performance specifications. This will suffice for planning the approach

to simulation and the initial efforts on the program. Before designing the
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T he. momen t oi inert ia aI h11 L'0Ikcmpressor about its axis of rotat ion is

ds i red. Desc r ipt ions of L!iu indicat ions 01 tLhe most L ik. I v ma1funct ion ,

the proper corrective act ion, the response to corrective ac t ion and the

cunsequences of it failure to take timely corrective action are required.

(2) Turboprop Engines

In general the engine data required i. the same as for a turbojet except

t*at the simulation has been made more difficult by the addition of a reduction

gear, propellor, a propellor governing and feathering system.

A complete description of the propellor, blade, activity factor, governor

ani teathering system is required. The rate of change of propellor blade

anle when under normal governor control and during feathering is required.

The windmilling rpm vs blade angle vs dynamic head vs time for various blade

.le settings is required.

A vital function is the time delay of the automatic and back up feathering

systems ana the build in drag during this period a. well as any control or

other - arxace blanking effects.

F. wv ijt Balance and Inertia

71he weight and tharee first movements and six second moments of the emptv

aircr. ?t and all items capable of being loaded, consumed, moved or dropped

in flight are required.

G. Maximu.m Valaus

'ie maximum value,, of acceleration, speed, altitude and other perfrmanc'.

item is rcquir.u in t Or-, form :or us . n Scaling tihese factors in the

p 'ompute.r.

I2)
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1. 4. SUIMARY OF PROBLEM AREAS - SIMULATOR ANUFACTURER'S VI EWPU INT

[he major problem revolves around the lack of correlation between what

the data provided dlfines as the aircraft, the actual aircraft and the attempt

to marr" the two in the acceptance testing process.

The management attitude o!- some aircraft. prime contractors respecting

simulator dat a is reflected by the assignment to the data supply Job of anvone

who is availadle rather than only one who is qualitied (in one case it was

treated as :i piece of AGE). This attitude also results in keeping the

sirnalotor engineers at arm's length from the aircraft (or any major subsystm)

cnginters and I(s the major problem in obtaining the basic calculated data1 to

hV S:'2 o, accuracy as the prime contractor has it. The major missiTg

data concerns" ground handl ing and ground effects. Tin general the prime crn-
contractor does not have the required datta.

F!, iat test (or eQuivaLent level system tests) covering the breadth of

items tlt- si::uiator manufacturer needs has not been available to the :imulator

<'01raete rR 'IX tie I-o toh o use in the design and preliminar\ checkout of

'it L.CCSSivt ..... nr of malfunet ions included and the insi steno ,,e (n
pertLr:.'ing almlo'rita ocerat ion wi t tilt, same accuracv as in norm,.:

,pt' rati t: a 1a' r ost problem. How Iar to go into the ;bnorma i! I lght

regio, * xoyi, tow rm;iy turns ol a spin, is not well det ined. ncloiion

ot !1ur-i ' !s '"aI! I uinct ions with It iii i t 1dt'] i tv is extreme 1 v eX t'05 ive.

* it' d.it.: to (,'? li ln erformance in t'mt' rgencv si atuat io.s for exar", e t,'

"'.:n',. resi'' sw' ,'rtny air st;,rts, is extremely limited. The require-ment

iil d i' ii 0! lt';i) St'Se ill the'si' si LtLItions is q ues t ioned.

t-1 tu ,' hi' 'iz'tilt ' s statin is a ctmpl[te v di ticrent balli gar''

Li I t' .iJ1 i ,g i',ot ,r. T i s ge1 s i in t t'h I) o,;ophv o! t r;iiui ,., t1 t.

t.ink IoiL!. , it '',-n ,t'twIct n th ins tru't or .ld oit o:.i,itiou din! wi 'ho , 1 scri,

"II
-"t, 1' 10 1 (c 1 ' 10 t, i ld '' t - t ' , . '

-;.,i *.., _ . . . .. . . , . . . ,,.- ..-.
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commnce.d. Offten this is not done, which tien .(coms i serious similator

de - ig, oriLcm. The total data package must very definitively pin down the

design of the instructor' station.

The use of aircraft instruments is someti-res specified. This causes a

whole series of serious problems from reliability (really short life) to the

4 lack of internal detailed congruence between instruments that have the same

part number and are interchangeable in the aircraft. The reason for the

I, problem is that detailed voltages, etc. have to be picked off (or supplied)

to use the instrument in a simulator, whereas these voltages are not used

discretely in the aircraft. Since interchangeability is not controlled to

that detailed level it is the rule, rather than the exception, that when the

4 same instrument is procured from more than one source they will not be

interchangeable for simulator use.

5. ASSESSMENT OF THE DATA REQUIREMENTS

All of the data requests are valid and reasonable if the simulator

manufacturer is to perform to the level required by current simulator

contracts. Since the data for all simulators (trainers) of lesser complexity

than a full mission simulator are included in the data required for it, the

further discussion will concentrate on procurement of that one complete

data package from which all other data packages can be derived as required.

The remaining surveys and analyses were conducted accordingly.
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SECTION III

DETERMINATION OF DATA AVAILABILITY

The data required by the simulator manufacturers must be generated by

the aircraft manufacturers, engine manufacturers, vendors to these contractors,

other Government contractors (GFE) or Government activities. The data stated

to be required by all the simulator manufacturers was consistent, therefore

it was pulled together as a consensus opinion and a survey of the possible

k; sources for this data undertaken to determine (1) is the requested data

P available, (2) if it is available what is the schedule, (3) what is the

accuracy of the estimated and windtunnel (laboratory) based data relative to

flight test results, (4) to whom would they prefer or demand to deliver

the data, and (5) tile answers to all other questions raised by the simulator

manufacturers.

S. AIRCRAFT MANUFACTURERS SURVEY

IT The consolidated data desires expressed by the simulator manufacturers

were arranged by aircraft subsystem or equivalent and documented as the

"Aircraft Simulator Data Requirements Study--Air Weapon System Prime

Contractor Questionnaire," Appendix B. A list of air weapon system prime con-

tractors was prepared from the answers received to the Aeronauti-.al Systems

Division's letter of 25 November 1975 which has been discussed previouslv. The

list was modified to ensure that all required sources were visited and that it

inc luded the aircraft manufacturers who had worked with the simulator

manufacturers on the projects for which comments had been received. : L wa-

also deterimined that an engine manufacturer should be added to *Ile list. T i s

rwsilted in the sutvev list shown in Table 2.

'totil tile proposed questionnaire and the proi)osed Co0p'o Itio,1 ,,It he

'.t rv\'uV t'V Ie we, rt eviewed with the Program Mon i tor ant! ,thor Air Fort,,.

" ipresentat ives at a progralm review ol I' .11 lv "Q ihloth it ens Wilt,

inprvi,, .' ,, t,,r 1i'Div t i surve, was. tandtikt ,- planned. it' t , . .

i t.- in ' a t m a n ' i re rs , II ii- 1 ' t ' I .i? , , ' I , I . ''1 i t H i o

ols .1 - . ". 1 .- C..



A TA ,IE 2

SURVEY LIST

AIRCRAFT MANUFACTURERS

Boeing Commercial Airplane Division B-I avionics
Commercial aircraft

EWACS

Douglas Aircraft Company Commercial aircraft

General Dynamics F-16
F-ill

Grumman A.-rospace F-14 (also EFIA simulator)

Lockheed Georgia Company C-5A
C-130

HMDonnell Aircraft Company F-4
F-15

Northrop Aircraft Division T-38
F-5
F-18 data system

International market

Vought Corporation A-7D
International market

AVIONICS MANUFACTURER

Hughes Aircraft Company Large complex system (F-14) - I
central computer kontrol

Avionics systems - no computer
control

individual sensors

ENG I NE MANUFACTURER

General Electric Company

GOVERNMENT ACT IV ITIES

Simulator Acquisition

U.S. Air Force, Simulator System Program Office,

Ae!ronautical Systems Division

U.S. Navy, Naval Training Equipment Center

Test Activities

U .S. Air Force. Flight rest Center,

Flight i'eSt I)lvi.ijn

U.S. Naval Air lest Center

4,



of the survey team. No questionnaire was submitted to the Government

activities, since they were being visited to obtain guidance and overall

assessment rather than answers to specific questions.

All planned visits were accomplished except the one to McDonnell

Aircraft Company. They were unable to either answer the questionnaire or

spend a day with the interview team during the possible survey period. It

as considered that an adequate coverage of the aircraft primes representing

a wide enough cross section of aircraft types was available in the remainder

of the list so the survey was conducted as planned omitting that company.

Excellent cooperation and an open discussion of tf problems was enjoyed by

the interview team in all their visits.

2. RESULTS OF AIRCRAFT MANUFACTURER'S SURVEY

A. General Discussion

General comments concerning the availability of data and other simulator

nroblem areas are presented in this paragraph from the point of view vi the

aircraft manufacturers. In later paragraphs the comment, on spec'fie types

of data are submitted. In general there was excellent agreement in the

answers received. Where there were dissenting opinions in the answers both

opinions are reported along with our opinion as to the basis for t! different

ais or f one could be discovered.

ITe manvfacturer made a statement which is an excellent summarv of

what w.i- foud to he the unaminous attitude of the g roup visited: "We do

n,I lk, t v w tv oJt tht, details of our aircraft that arc required tr th,,

•te , ,,!' a simulator hut we recognize that this is a requirement o

z!c -'s iV,- -;o we go a!ong with it." That does not Plean, hoeOver. tolt

iv,, ou'.t i.vt n, the simulator manilitacturer asks tor or that t!ic'

. v, ve 'ithe -al.to 1ev l ( A.iti to every manuf ac t ire r.

1-c r ,,a ' ;M i t-,an , Ii ave dat a redui t ion and deta i ltd rtl',f

- -.. a.



on th vir own funds atikd whicii they conlsidci to he prop rietarv. Thesi dat a

tiey wi 1 L not give out. 'rihev are perf ect ly willing Io giV' out the rvsults

of their calculations, for example drag data, hut not the detai Is of how

they went about calculating it. In their opinion the simulator manufac turer

does not need that backup data anyway.

All companies agreed that most of the data required to build a simulator

is or was available during the development of the aircraft hence it could

have been supplied with little or no additional effort had it been ordered

at the time the aircraft was urdered into development. The one exception is

the upgrading of aerodynamic and other system data as a result of f light

tests. I n all cases these data are onlv red Iced and put into coeffic ent or

similar format that a simulator could use if they concern a contract

guarantee point or if trouble is being experienced in some area. For example,

lift and drag data is vital to the contract guarantees of a commercial

transport. For these parameters, the initial estimated data is constantly

updated throughout the development cycle of the aircraft including flight

tests. Very little of the other data is updated unless a problem is

encountered and then only that data that bears on the problem. It was found

that the military aircraft manufacturers followed an identical procedure

except that the critical parameter they follow would vary from design to

design. Producing an update of the simulator data package based on flight

test results would entail additional effort, hence costs, in the weapon system

prime contract. All contractors are well equipped to perform this service

if requested to do so however.

If the data is not ordered when the aircraft is ordered into develop-

ment, the aircraft manufacturer will, in fact must in a compttitive

environment, order from his vendors only that data required by him to build

tie aircraft and supply the aircraft data requirements. Similarly, in his

own engineering department lie will oniv prepare in report format that data

lie needs for his own use or tor his CDRIL requirements. Much of the lower

dietail data does not becomI, formalized in the normal course of business

-Ithough it was genterated in order Lo prepare some report. This is often

the very data the simulator manufacturer need, in order to prepare his

3 1
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,

mathematical model. When the simulator data package Is ordered a year or

two later it is necessary for the aircraft contractor to go back and resurrect

this detail data and possibly expand on it, change the format, etc. This

can be a very expensive effort due to personnel changes, disruption of the

engilneetring department, etc. The costs may appear, on the surface, to be

way out of line compared to the data delivered and the point of view "you

needed this to build the airplane." The same situation exists in all the

vendor plants with the added problem that sin(,, there is no other source for

the data the suppliers are in an extremely strong negotiating position (as

are the primts with respect to the Government) which tends to make the data

cost much more than it would have in a competitive environment. The necessity

to de~t'ne an'l order the data in the initial aircraft acquisition contract

was vry strongly empha: Ized.

Parts of the data package are the design details of various controls,

levers, pedals, panels, etc. that are in the cockpit or crew station and

must be in the simulator. Many of these component, are long lead time items.

if they are not ordered until after a simulator contract Is awarded and the

successful contractor has had time to digest the data package and place th,.mj

on order, it is almost assured that many compoients cannot be supp7 Ld until

after the required simulator delivery date. The suggested solution is to

order a few of these probable simulator items in the initial aircrat , order

and have them, scheduled for early delivery. If, for some reason, thv art,

F noz requi red foi the imulator, they can be cycled back into product ion,

delivered as spares or a combination of both. The configuration consideration

is probably of little or no concern for the types of components involved.

Throughout the survey of the simulator manufacturers and during the

visits to the Gove'nment activities the statement was repeatedly heardl thtat

aircraft manufact.uri..rs would not give the same detailed data to simu W1,.or

manataature r' who were patrt of a competing aircraft company as they would

- -, v . who had fli s. ch corporate ties. It W'Is found that all th, aircrat

im-,actrc s who have cirrent or recnt development programs have i very

I- i rl p .s i t I oti support ing t hat cont elit I i . lh'v ;, o llit lV w, I not )! I ve

t (IFray, ,lnfl Hiv. I;it di lti I dll .k i to a d ire, t ( Ot, itorr. 1 h i m . vall(' lh t ,,v I;',

*M -- -



give such data to a simulator contractor who was a division of a competing

corporation but it was done only in consideration of the fact that the

divisions were half a continent apart, that an ironclad legal agreement to

protect the datk. was executed and that the chairman of th, board of the

simulator coprcration pledged his personal assurance that there would be no

data leakage. Were the two divisions in the same complex or within commuting

distance, the opinion was expressed that these arrangements would not have

been adequate and probably that the data would not have been supplied under

any conditions. None of the companies expressed any serious concern about

supplying data to simulator manufacturers who have no corporate ties to

aircraft manufacturers. All that is required in this case is the execution

of an agreement between the parties to protect proprietary data. No cases

of a violation of such an agreement were known to those being interviewed,

which supported their opinion that this procedure would continue to be viable

in the future.

have any specific near term future prospects stated that they would have no

reservation to releasing the daua to any simulator manufacturer. It is doubt-

ful if either of them would express the same willingness if they had a new

aircraft development contract or were top contenders for any specific near

term development contract.

Questions were pursued to determine if there was any preference as to

whether the data package was delivered to the Government or directly to the

simulator manufacturer. All respondees expressed a complete willingness to

deliver the data to the Government with the majority expressing a slight

preference for that approach. One manufacturer stated that he would not deliver

data directly to a simulator manufacturer; rather, he would insist on deliver-

ing it at least through his local Government representative. The reasoning

behind this very strong objection was stated to be based on a proper business

relationship with the WS customer and possible legal involvement should the

package be delivered direct to the simulator manufacturer and later prove to

be defective. The business relationship portion of the position is clearly

evident. It would appear that terms of the contract under which the data

were procured rather than the method of delivery would govern responsibility

for accuracy.
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All thej. people surveyed were in agreement -n thle desirability ol

putt ing a simulator dat a requrement snec if icat ion in the WS contracL, and

scheduling the, delivery of data with aircra)ft development milestones. 'Ihey

al I alIso po ited out that di rect engineer to engineer Contacts would be

requ i red ~n add t t.on to thle he t possi blIe da ta package in o rde r to t ran sm it

adequate guidance to enable the s imula!-'r engineer to understand and use the

data. They also all expressed the op in ion that they could be of considerable

service to the simulator development hy having their engineers and pilots

* ~~review the -; imulIation a- 011 earlv pa:r t (if the debuigg ing and t rimm!ng effort,

prior to the start of acceptance testing. They also agree that hay Ing a

properly qu.lifted simula-tor engineer on-site in their plant is a great aid

in vott inc, the data iterface off to a good start, at least the tirs-t two

or three mon ths ofit the program.

All (tt'swere in agreement that the desire to have a simulator

on-site at the operating squadron's locat ion and inl operat ion before tILe

first product ion aircraft arrived requires order ing~ the simulator h--fore

final (data lias been determined for the aircraft . '."his rou .11res a omIs !

of a complete initial data package based onl thle best data avai lable at tb-'

time, usu1al lv wind tunnel yerified aerodynamic and per Cormance do'-

cal culiated dlata for svystemsi, and detailed configuration layouts an(! ollow

this with updates as required. No problem is envisioned in ke-epinyg thle data

patckage_ current with engineering chianges that are released aga inst t,ie

a ircraft i 1F a good nrocedure is established at the start of the progr~ao.an

mai Tita in ed .It was pointed out that this must continue throughout the 4(-r%-',

life of the aircraft. There was considerable difference cf upini(on asl to

what was the hest system. In general the primes did not want to accept the

responsibi lity for de ermining whether a given change dlid or did not ttfe,

tesiintila' or because they did no~t have the required detailed ktnowlec* ;j

to hw!o!;mtao auanrrhd 1iii tevar ious: i t ;uppl et

hi~~~~~~~~~~~~~~~~~' inn, dcIin Te oidpv-r OCckab ,".muato os.P1.

offce,1 and haive the tovernmem~ or shiiula1tor manitfacturer doteri-lini

wh ie thie r or n-io t t Ie s i 11tt iatr i s a f Cct cd

7j



(1) Data Accuracy

The subiect of Oh, i'curacy oI the varitis typi,; (d [ita utvtloptd i

group ol consistent general answers and a wide vari ation of detailed (juan titat i't.

estimates as did a discussion of the data accuracy requirement.

4 In general it was agreed that for many parameters data derived from

flight test (or equivalent systems full scale tests) are required for

I" , simulators. For many other parameters the estimated data should be accurate

it enough. It was also pointed out that the 't.'ght test data is not as accurate

as the fidelity with which simulator spec,.ict ions require that the data be

matched, therefore the very tight simulator specifications are a waste of

money.

The question of setting the simulator tolerance to at least the variation

of the various parameters over a production lot of aircraft was not opposed;

however, it was repeatedly pointed out tnat these tolerances would have to

be merely esLtimates since to obtain measured data would require instrumenting

and testing a considerable number of aircraft. This expens, -'ould never be

Justified since regardless of how perfect the data package and the :-ueci fica-

tion may be it will still be necessary to make final trimming adjustments

based on "flight" tests of the simulator.

Some companies expressed the opinion that due to the limitations tiat

must be placed on simulators it is doubted if a "full mission simulator" is

a realizable objective. The reasoning was L" idequate flight fidelit.,
cues, etc. could only be generated for a small portin of the, mission, for

example air-to-grounti weapon delivery, with other "part task trainers" to

cover other portions of the mission that are suitab IIV t(r ,vnthesis. Tis'

reasonin," was that the added computer capacity to bt able to do all of tihese

r in any one simulator was unr, e1ist ia1lV eXe,2-,;'Vc e I.,'n. eXceSsiVe corp romi s

w)uld be required.

The estima tes 01 tiLu accUrakc of various tx'p vi' of data, compartid to

flight test data, which were received are presented below.

._ __ .. .. L - - . 4 ... . ._ -, - " 7 "'"" " .. -..
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C. Aerodynamic and P'rformance Data

For tile basic airplane there is no problem anticipated in supplying the

derivatives, coefficients, maximum values and other handling and performanct.

data requested based on estimated or wind tunnel supported data. This should

be a combination of curves and tabulated data. Going to all tabulated data

is possible but not recommended due to tile volume of the data and the difficulty

in communicating all the necessary background to understand that data. Tilere

is a problem in delivering an explanation of the methodology by which certain

of the data were derived or massaged and this background will not be giveil to

the simulator manufacturer as previously discussed. Also, as previously

pointed out, most of these data are not updated as a result of flight test.

Such updating will result in additional, though minimal, co Ls if the require-

ment is included in the basic aircraft development contract.

Some of the external store data requested, the incremental effects of

dropping one item at a time, presents a considerable problem. Due to the

sheer magnitude of the numbers of combinations, aircraft are designed and

tested with standard configurations of external stores. Incremental effects

are not tested either in the wind tunnel or in flight test. Obtaining this

data based on other than theoretical estimates would be an extremely time-

consuming and expensive process and is therefore not recommended. Estimated

data of the effects on flying qualities of the standard configurations can

be updated by wind tunnel and flight test data.

D. System Data

There is no problem anticipated in supplying the required data on all

k the aircraft's basic systems. The tactical systems in the newer aircraft

present a unique problem.

In the newer high performance types the various sensors, controls and

displays talk to each other through an onboard digital computer and in many

cases the transmission is multiplexed onto a single circuit. There is no

way to simulate this system without building a functional equivalent with
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s imu lat ionsI o ! t ie wknsors to st im, late t lie central rocessor (comput ,.)

The flight ';I, d wa re may as we I I be used.

How t h is system responds to cort a in npus ,. con t rolled by taflct calI

tapehs W'icl are cang,,ed tron, tilc to time in the -ervice aircraft and in
realit\' recon' gur- til t lir.raft. .-n'.:c these tape profrms are quite tim.

onsum ing to prepare and dehug, it is essent i al that tIhe simulator use the

tactical t;pt.e. The ,nanufacturer tlen has three choices as to how to gRo in

slect in g the s mullator's "onboard" computer, i.e., ust the one in the ;lr'rafl,

emulate the arciu a t's comtir or attempt to simu ate the entire svste.m in a

general purpose machine. The aircraft manufacturers estimate that using tie

a'tual computer is 2 to 1 less costly than emulation (non-fli ght qualified

tliVatIll t !i,.,.;iire) and orders of magnitude less costlv than the ,eneral

!onrpose hardware :ipproach.

If use o' the onboard computer is snecified then the data requirements

reduce to a Wivsiical and wiring sl'hematic o! '1' c,,trols, indicators and

Si:;t.iatv co,, ie-; l t1e tactical tapes appl icalh e to the _ail number tf the

t rcn,.-t si, L',! at ed an d t tans! eE fitun t ions to dct krn, ie the (!n,-t! v

inputs the vaiu ! .U'! ; wil l make to tie comiuter ini rtsn)os' !o , rmnt

7 rom the :,',',''tcr, external simultisi or matfunctions.

Fh 'lthemat icill mo,,,ls that describe the output of the various -,c- :z r,; ;rt.

well unide r .- t od an can be read i lv ota nted i rem t ie senso - ra;, ifac re rs

They vcn1.1 Id t oW itni ed for s itul at ion appli cat ion (pr m;arv p r rogrra,-mi np')

s.-d p roba>v y andard i zed so t'I t IitI le new e :'ort wi 1.1 ,e renu i red for

uc cess i v I (-,,I t ions.

A\ II of thi1 svsten, data will ti all y be - liat t (nnt .. ')'1';ed on th,

i , it i, ,.r orm;int of the s.,v 'ral compo-i its priter v I'.l'
1 

: ,2 1 '''

'.;I i t 1t lo S t t' o' C ' tI :r itl o 1 " ;t1111s* Wi 1 1 'W ;!s .1 r'" n t

, , 1 l " ,' t,,mI'hki " to:;ts. .or 'tt Sii ";VSte '- 'tiils wil! ,,' tl st

~I

.c, r;itt. c !a ti to ,' I~' t, li d \) 1 d, t tlIL'  ql!''' tt('1-4 W i1 '," li ', "l .t '
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test reports l rk.,m1 Lk-htti -s . i as th' "1hot fU,'kup." ' ihu.e reports -dioti ',d

contain vverythinjg the simulator manutl ;k't tirer me. '.s i.id will be suppi it.d.

Supplying the visuial and aural recordings should present no problem.

Some preliminary visual recordings could be made, displays, etc., utilizing

the "hot mockup." The really useful data can only result from flight tests

and can be obtained at any time after tile first few flights of the fully

equipped tactical airplane.

(1) Vendor Data

Much of tile required subsystem data will be developed by vendor-, of tile

aircraft prime contractor. A number of the details of these items usually

have been developed by the vendor on his own unds and probably will not be

divulged. There is no problem anticipated in obtaining functionally

--uivalent data however.

Frt rime to time tile simulator manufacturer will desire to go directly

to tie vendor for information. All of the aircraft primes (with one

exception) object (some rather strongly) to this procedure. They want the

simulator manufacturer to come to them with tie data (or conference) require-

ment and let them make any necessary meeting arrangements. Of course if

proprietary data becomes involved there probably will have to be an agreement

executed between the simulator manufacturer and the vendor to provide for the

protectic oi data.

(2) Propulsion Data

As for all c systems, very detailed engineering reports are prepared

on the propulsh ,vstem and supplemented as later test data becomes

available. These would satisfy all of the simulator manufacturer's requests

except for a mathl model of the engine and its various subsections. The

aircraft manufacturer has no requirement for such data and suggests it be

obtained directly from the engine manufacturer.
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There was no reluctance discovered concerning the supply of math models

ot engines on the palt . O engine manufacturers. In fact, a very detailed

math model i,; supplied to the Govwrnment for each new engine design. The

problem with these mod'ls is that they account for so many variables that the

simulator manufacturer cannot afford the computer capacity they require nor

the computation time. Nearly all the past efforts with simulatoi manufacturers

have been devoted to accuracy versus computer requirements trade-offs to

produce an acceptable compromise. Several companies expressed the opinion

that a simpli i ed and possibly standard engine model should he developed.

The model could provide for the adjustments the various installations would

require.

E. F I i it- 'l.es_t _)at_a

Aircralt are instrumtated and tests conducted to extend the flight

envelope to its full specification value and to obtain the demonstration

points data required by the contract. In general very little data is taken

in the middle of the flight envelope. It would be a simple matter to record

data in this area if it is ordered.

There are two approaches to obtaining the required aerodynamic data

from flight tests. The first is to perform classical. flight test maneuvers

(control pulses for example) at the various points throughout the envelope.

"he second is to apply special algorithms to the reduction of other currently

required flight te, t data to derive the desired coefficients. Neither approach

effort. An increase in the flight test data reduction efforts needed for the

basic aircraft would be necessary, however, the total aircraft plus ,simulator

data costs ;hould be decreased by routinely reducing the flight test data to

update estimated aerodynamic and performance coefficients.
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F. Data Availability Schedule

As previously pointed out it was assumed that in most cases it would be

necessary to supply an initial data package then institute a procedure for

keeping the data package current with the aircraft as the data is developed.

If the initial package Js delivered too soon the recipient will be swamped

with detailed changes as the aircraft is developed. For a new development

aircraft it is considered to be undesirable to deliver the initial package

until after completion of the critical design review and mock up inspection

milestones. These will be completed normally between 50-60 percent of the

elapsed time from go-ahead to first flight or from 15 to 18 months into the

program. This package will contain data based on wind tunnel tests with some

system bench test data, however, most of the systems data will be estimated
k4

data. The configuration, cockpit arrangement and similar data in this

package can be formally released drawings and supplemented with photographs of

the crew stations, instrument panel, side panels and similar essential

details. 4

Although the simulator manufacturer shoulo be kept informed of all

configuration, layout, indicator and similar changes as they occur, the first

i" update of the data package should be submitted at the release of the aircraft

for first flight, 27 to 30 months after contract go ahead. This package may

have minor refinements of the aerodynamic and performance data. Primarily

it will contain all the engineering reports of the tests of all the aircraft

and avionics systems individually and as integrated into the "hot mockup"

and the preliminary tactical tape used in the tests. It will represent the

best system data that will generally be obtained.

k The last data package should consist of aerodynamic, performance,

propulsion, visual and aural recordings and other final system data based on

flight test results. This package should also contain a copy of the tactical

S .tape to be used during the acceptance testing period. The availability of

this data package revision except for aerodynamic and performance data can

be delivered between 50 and 60 percent of the elasped span of the flight
test program, 6-9 months after start of flight tests or for the typical
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~SECT ION I V
SUVE OF GOV&..N"EN AG'i V ia dES

1. ACQUIS ITIiON ACTIVITIES

'rite United States Air Force, Aeronautical svstem.. Uivision.,i,:ml.t.r
~Program Ofiice and tile Naval T|raining iEquipm,.nt Center, Orlando. Fiorida.

were visited to receive tneir assessment of the situation and th-oir guidance.

The information otained from oth01 Of these actilvities is in complete

agreement and is summarized in tids paragraph.

Although both act ivit ies nave for some time been making the ,cquis it ion

of the aircraft data package the responsibility of the simulator manufacturer,

the results have not becn entirely satisfactory. In view of the increased

emphasis being place on training and maintenance of readiness through

simulation it is believed that tie Government should assume the responsibility

tor obtaining the data package required for the developtent of a simulator.

To this end they consider the development of a proper data specification Lo

be incorporated in future aircraft acquisition contracts to be a vital f[irst

step. Trends in simulator development were inquired into so that the data

requirements could be developed to be compatible with the future needs.

This developed the guidance that the study should address the requirements

for a current full mission simulator which would produce a specification

which would yield a data package adequate for any of the foreseeable future

needs. Full cooperation with the study effort was pledged and received

throughout the study.

2. FLIGHT TEST ACTIVITIES

Visits were made to the United States Air Force, Air Force Systems

Cor.auand, Flight Test Center at Edwards AFB, California, and to the United

States Navy, Naval Air Test Center, Patuxent River, Maryland, to obtain

information as to what data normally will be available during flight tests,

what additional data could be made available relatively easily and to discuss

their experiences in trying to obtain adequate fidelity in flight simulators.
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1 h i I s t Cunt er rcJ!.*v makus t ig Ineer .ng si mu I a t I onl( of

n'e t i vii a I ! n ecfl is :0 tT stIIgieer in T*W 1.i S

Ij-i.t tt'-t MU! -rtuoo1' acrodviiamic narameters and performance characterist ics

dur ing t 1ie iot!-rse ti tht fl1ight test . Thev are now in a pc-sit ion where they

ti, l jeve thiat cav -,n orodtic a complete set of f lying qualitiles parameters

I mm I i t ! st uiata as Wei I as a map of perf ormance c:araeteri st Ics wi th in

tive fl'Lnfltas after thev start of the Air Porce/contractor flight test program.

co!e', Ioi'v wit hout de lay of t he normal fligh t test program if

in I egr.o oU 'I( I k'ing qial it jes tests currentl, r equifred . I t not

t ~integrate%] Iivsc dat :1 can norma lv be ohtained In three f lights with !six

fltight s a, Tho maximum.. Changing the flying qualities specification to

inc jUde the derivat ives; would save cons iderahle time since the required

tLests would extend the flight. test data acquisition time very little (about

25 seconIds; ;I!ter trimming).

In wor'-ing with simulators in the past it has been found that In many

cases the poor performance of a simulator gets blamed on the aerodynamic

data when the culprit really is the inertia and weight data (calculated data

is of ten in error as much at 30%) or an inadequate representation of' the

equations of motion in the simulator.

In order to check out a simulator for acceptance an expanded step by

step procedurL- as presented herein is recommnended. Basically it consists

of ensuiring, that the math model correctly describes the aircraft and then

determining thiat the simulation accurately reproduces the math model. Much

of this effort can and should be performed at various timts throughiout the

& siuator (leve lopment cy,.cle leading up to formal acceptance testing, really

formial demonstration of a simulator that has already been determined to be

i urc 4 is a hiock diagramn of the suggested checkoutout procedure.



SIMULATOR 2 _ MATH MODEL 5 AIRCRAFT I

_ 3 ' 6

t. EQUATIONS OF MOTION. The performance of the simulator in reproducing
handling qualities and performance is determined. This is done by
comparing the time history response to specific standard inputs generated
by the simulator with those generated by a fully verified digital

program. The programs utilized by AFFTC to accomplish these tests are
avai- ,le to Government simulator activities on request.

2. AERODYNAMIC DATA (SIMULATOR). Aerodynamic data must be smoothed and the

correctness of the data actually programmed into the computer must be
verified. As a minimum generate set of plots from the simulation cards
or tape to check for keypunch errors.

3. FLIGHT CONTROL SYSTEM (SIMULATOR). Some of the basic aerodynamic checks
discussed should be made with the flight control system turned off,
even if that is not possible in flight, The FCS must pass both static

and dynamic tests. End to end static checks to verify system gains,

forces and displacements are straightforward. Dynamic checks of a digital
system are more difficult. Comparing time histories generated by the
simulator with those of a verified program is a possibility for making

this check.

The above steps should verify that the simulator with its math model can

reproduce the aircraft if proper inputs are provided.

4. AERODYNAMICS DATA (AIRCRAFT). It is essential to have the proper deriva-
tives programmed in the computer. Accomplishing this by pilot testing
and adjustment is not entirely satisfactory. Every attempt should be
made to procure flight measured derivatives for programming the simulator.

5. FLIGHT CONTROL SYSTEM (AIRCRAFT). Schematics with components and their

transfer functions have not proven to be accurate enough for simulator
use. The end to end trancfer function of the actual aircraft hardware
should be measured and programmed into the simulator.

6. WEIGHT AND BALANCE. It is highly desirable to measure the various
inertias of the aircraft, particularly in roll, as well as determine
other weight and balance data by full scale aircraft tests since cal-

culated data has proven to be insufficiently accurate for good

simulation performance.

Figure 4. Block Diagram of Suggested Checkout Procedure
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(1) "1'ime Comression"

A phenomenon of "time compression" has heen observed by AFFTC which

could have a very significant impact on simulator design.

It has been observed that when fared with a time critical heavy task

load, a pilot can accomplish a greater number of tasks in a simulator in a

given span of Lime than he can in the actual aircraft. The difference

between the two performances varies with the severity of the task loading,

(the heavier the load the greater the difference) and has been observed to

be as high as 40 percent. 'ft was found, for example, that pilots who could

regularly complete all the tasks on a flight card, for a tightly time

constrained test such ,s a lifting body drop, in the simulator would only

be able to complete 60 percent of the card in actual flight. The sam(.

phenomenon was found in RPV drop tests when comparing the performance durig I
practice in the simulator with results obtained when controlling the actual

f drops.

ff this phenomenon exists generally then some account ol it wLll have
.o be taken in training simulators when very time demanding evolutions, sucii

as low altitude target conversion and weapon delivery, are involved. AFFTC

does not have enough data to make this determination at this time.

B. Naval Air Test Center

4,

The simulator problems obt;erved by NATC engineers were stated to be the

result of:

.1. u1accura.,, or incomplete data supplied to the simulator

contractor.

2. Mis,;takes in interpreting and implementing the data suppti(d.

1 . "tring problems with t:.e simulator response (most pronounced

with a visual system and tends to cause p i lot induced

acc il Iti ons) .

4. Control force system inaccuracies (improper feel).

4'i
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These design problems are supplemented by errors introduced due to

improper maintenance and can result in gross flight system errors.

Corrections to these problems will be pursued by supplying the simulator

manufacturer with the necessary NATC published and unpublished test reports

supplemented with flight test engineer and test pilot support throughout the

program.

The Navy has a number of Navy preliminary evaluations during the testing

of an aircraft and before it is delivered for formal Navy flight tests. It

4s planned to follow the same procedure with simulators to help spot flaws

early in the development program. A team of flight test engineers and test

pilots would conduct a series of NPEs scheduling the first as soon as the

simulator was flyable. The purpose of these would be to help the manufacturer

define his problems and the preferred solutions. The formal acceptance

testing will therefore become a demonstration program.

The need for a periodic certification of simulators in service was

strongly pointed out. Some routine method and requirement for performing

this needs to be established. Perhaps adding simulator fidelity to a unit's

annual operational readiness inspection would be an adequate requirement.

A source of qualified test pilots and flight test engineers to aid the

commands and perform the inspections is also necessary. Probably the

Service Flight Test Centers are the best sources for this assistance. NATC

has, at the request of user commands, performed required modifications to

simulators in the field to improve fidelity with excellent results. From

time to time it was neces3ary to determine some data in the actual aircraft

to supplement the flight tesL data that in some cases was several years old.

Simple, hand held instrumentation has been found to be adequate to accomplish

"N this.
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'- SECTION V

DISCUSSION AND RECOMMENDATIONS

1. DATA ACQUISITION SYSTEM

This study indicates that the data required for the development of

simulators can be supplied on time and at minimum cost if the data is

ordered in the initial aircraft contract, and the Government Flight Test

Facilities are utilized to assist in the process. The initial package

should be scheduled for delivery after CDR (the later the better) with

provision made for updating it as better data becomes available. The supply

of sinulator data must be emphasized in the contract and by the Aircraft SIPO

in order to iiake any system work.

It is recommended that the simulator data package procured from the

aircraft prime contractor be comprehensive enough to support development of

a full mission simulator unless a positive determination can be made that no

such simulator will ever be developed during the life of the aircraft.

Data packagos can be defined from this master package and duplicates provided

to support simulators and trainers of less comnlexity.

The precedence order of the various classes of data is data derived from

the following:

Aerodviami cs

1. Flight tests

2. Wind tunnel tcsts

", Theoret ical estimations

1*i' ro)pu i

1. Flight test;

Test data in Installation mock up

Bare test stand dataIt. Thvoret ical estimations

Crew .tat ions

Formally released drawings supplemented bv photographs of
act,jal ;i tcrot

, !-rt, lininarv (r:v.dings suppl emented hv photogranhs of mock ,

4 ;4
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Aircraft systems

1. Flight tests (timing)

2. Hot bench mock up (transfer functions)

3. Component tests

4. Theroetical estimations

Avionics systems

1. Flight test (video and audio recordings)

2. Hot bench mock up

r 3. Component tests

r 4. Theoretical estimations

Ground operation

1. Taxi tests

2. Components tests

3. Theoretical estimations
'I

Weight, balance, and inertias

1. Tests of actual aircraft

2. Theoretical estimations

It is recommended that the initial da.a package consist of the highest

precedent data available when it is submitted. The aircraft prime contractors

data requirements will not, however, be completed until all classes of data

ordered from him are based on information of precedence number 1.

The aircraft manufacturer can supply all the data needed except for

Government furnished equipment. It is necessary for the Government to obtain
the required data from their GFE suppliers in those procurement documents.

The aircraft manufacturer will have to describe any modifications to the (;1r;

or modifications to its performance caused by hi,; installation (for example

engine installation loses) as part of his package.[Q
An alternative to the aircraft manufacturer for the supply of flight

test derived handling qualities derivatives and performance parameters exists

in the Government Flight Test Centers. It is desirable for them to prepare

an engineering simulation of each major flight test project regardless of

simulator requirements. The question then is whether or not to have themor
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the aircraft contractor responsible for deriving handling quality ierivatives

and perfora!1cc parameters based on flight test results. Since the (;overn-

ment ILigVt Test activitv will work with every new airciaft and an aircraft

manufacturer only with his own designs, it is logical to assume that greater

learnin Ind advancement in the tIechniques would result from requiring that

these data t, supplied on every new design by the Government Flight 'rest

activity conducting theaircraft tests. rt would also appear to be in the best

interest ol the program to schedule the acquisition of the flight test data

requirt'd for simulators early in the flight test program. This would permit

the trainin, equipment to be in pl.ace to support the arrival of the first

aircraft to the first operational user.

i11L ,w.,urnment Flight Test activity is in an excellent position to assist

the siwulator tiaufacturer in tile early debugging of the simulator bv the

suiplY of :i flight test engineer and qualified test pilot to perform informal

.assistance tvaIuat iW0S. Tlhis woulId supplement, and in general come later in

the program than, the assistance tile simulator manufacturer would procure

from the a;lrcraft prime by direct contract.

It Ls recoummended that AFFTC be tasked to perform the required data

reductions, simulations and validations and perform the update of the data

package with flight test derived handling quality derivates and performance

parameters. To avoid duplication the aircraft prime would not b, tasked to

update these tunctfions beyond data based on wind tunnel results.

Tt is recommended that the Governmenz have tile initial data package

d*,!.ivered to them, as well as all updates, by the aircraft prime contractor.

f Tlbe prime contractor should deliver, as part of the data package, an acces-ion

list of the data in the package and of supporting data, including unpublishcd

data, they .nav hive to augment it. This list should be updated with och

data updat ,.

It is turther recommended that the Government announce the intended

simulator procu rement in the Commerce IBusines, I)aily well in .advan' eof t he

" . 1.:;1(1 r-..)p(md,.e ( to thi.<i aluloilnE(.l nt Wemhitli heir' (1t' 'd twh r ' i r(,. ',i



the RFI' should be not II i ed of L lie avail labiI iLv ot t ho data package for

review prior to the release of the RFP, given a copy of the accession list,

a rmed that the data package will be delivered to the winning

Lza,: or. They should also be informed that each will have to obtain any

additional data or technical support he requires direct from the prime

contractor and the proposal will require evidence of an agreement with the

prime contractor for the protection of proprietary data and the supply of the

desired additional data.

After the simulator manufacturer is selected the data package shculd

continue co be updated for higher precedence data, or for any changes,

until the simulator is delivered.

It is recommended that the simulator SPO be included in the review of

all procurement contracts for GFE or replacement stock items that have

indicators, displays or controls located at crew stations in order to ensure

that adequate simulator data requirements are included in the procurement

package.

The final data system recommendation is that the simulator data package

and the acquisition of flight test data for the derivation of handling

qualities and performance simulator inputs be placed at a high enough

priority to ensure compliance so that the aircraft and training equipment

F' can both be delivered to the user commands on schedule. A concurrency plan

to prohibit the aircraft from moving to the next milestone (for example

prohibit the acceptance of an aircraft) until the simulator data package

is delivered is recommended to achieve schedule compliance.

& 2. PROCUREMENT OF PARTS

It is recommended that the aircraft prime contractor prepare a list of

long lead time crew station detailed parts, controls and furnishings

normally required to be in a simulator and that enough of these be placed on

order and scheduled for delivery early in the aircraft production contract

to cover the first year of simulator production. These parts must be to
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the configuration applicable to the specific tail number airplane being

simulated of course. This will support the simulator lead time so that a

"huv" decision for these parts is practical. The terms of purchase should

provide for phasing these parts back into the production line if not required

for delivery to the simulator manufacturer by a specific date.

I
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SECTION VI

RECOMME.NDATIONS FOR FURTHER STUDY

The information reported by the Air Force Flight Test Center concerning

time compression" is of , to the design of some part task and

all tactical full mission sim'.1.,itors. it is recommended that a study be

undertaken to define tl.Ls problem so that simulators can be developed to
accommodate it.

It is recommended that mission analyses, which will cut across the ISD

efforts of the various commands and address the total training mission of

the Air Force as well as the various commands,be undertaken to determine

training requirements, and synthesize instructional systems to provide

optimal service-wide solutions to these requirements. This will define the

family of training devices required,including the required performance of

neach type. Simulator specifications could then be confidently based on this
! foundation.

It is recommended that a study of commonality of subsystems of simulators

be undertaken. The instructor's station is a function of training objective

rather than simulator design and lends itself to a standard modular design

k approach. Simulation of sensors to provide the input to an onboard computer

is another area in which it appears that commonality could be achieved.

It is recommended that further studies of the accuracy of simulation
required to achieve the phased training objectives of the user commands be

undertaken. These should be cost versus performance trade-off design studies.

Major questions having a very large potential impact on data requirements and

simulator cost involve accuracy of replication of the aircraft characteristics

as related to the flight envelope of the aircraft, motion base requirements

and visual subsystem requirements.

It is recommended that a study be undertaken of the reasons why previous

simulators have not been utilized to a greater portion of their capability.

The study should not only define the reasons for low utilization but develop

recommended corrections to the objections and also develop an educational

and motivational program to be conducted in the user commands to motivate

the instructors, line pilots and commanders in the employment of simulators.
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A studv of the various approaches to ensure continued fidelity of

simulator-; ini the field is recommended. This study should involvP t' usr

commands and AFI.C and result in a standard scheduled procedure to be

impleneited to accomplish this vital function.

A study of cost versus effectiveness of simulator maintenance methods

is recummended. The results of this study may impact data requirement and

could define additional technical training requirements.

BI
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AL'PENI) LX A

A I KC'AIFT S I MUIAL'OK M\NU FAC'LIURERS QUI L'TI ONNA IRE

The purpose of this questionnaire is to gather information concerning

aircraft simulator data requirements to be used in a study having the

objective of devising better ways to satisfy those requirements. The design

data required, its accuracy, format and schedule, is the information desired.

Also desired is your experience on past contracts in obtaining the required

data and how any problems were solved. Experiences where no problems were

encountered in obtaining data are equally important.

, Since it is considered that your data requirements will vary considerably

(even for the same type of data) for the various classes of simulators, this

questionnaire requests that answers be broken down into a section for each of

the three basic classes: full mission, flight, and part task trainers.

One of the study objectives is to make appropriate recommendations for

improvements in the acquisition cycle. This is why the questionnaire starts

wi.:h pre-proposal activity and carries on through the full material life cycle.

Any recommendations for acquisition process improvements are welcomed. This

is also why the scheduling of data requirements in elasped time is stressed

and why your estimates of the optimal elapsed time for the oeveral phases

of the simulator development cycle have been requested.

For purposes of this analysis the simulator acquisition process hasV . been broken down into phases and tasks as shown below, and the questionnaire

organized accordingly.

ACQUISITION PROCESS

P HAS ES

CONCEPTUAL DEVELOPMENT PRODUCTION OPERATi ONAI,

PHASE PHASE PHASE PHASE
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FLL MISSION SIMU'LATOR

Ple'ase :nswer the tt' Iowing general quest ions for vach phase/funct ional

arvai as app i,-ab I v.

'Vhat dati (to vou need, what format (coefficients, etc.) and on what

c.wd i' I%..- il :icciracv is re'qui red! Is iis data gvnerated by i r, ratt

* ,'anufactt urvr- tinc] ti ng ?'~tI ight test t to th 1 aclracv for other requirement-

ort is it un i :ut to s i mu it or requai remen't s, I t the Jat a vou require is not

Ii *v~i abitl~ tilt- sched !I lv Vou have szpeclli od. would it be Tne sib t t _i i i 't-

dait a of less ac c nracv (other foriat now ;f tl( 'tofu' ar'ctiracv dat a were madc

avai Lithl latur?' lt -o. please detinte the intteri' data (lor examplu,

cri n~- o.. ~s:~ k.. -flitght te-st dat a) and the revised schedul e lor reck e

it tV nIl .eqnirernvtut

W-at ha-; been vour experience In obtain ing the data of the types Loit,

in lest'orze to t he abov*? question? Has i t been read II v avai lab le, r 1 ij red

ex trac t zL:N , or no t rt L)rded at a 11? How many meetings, ove~r what period -0,

t irne. aoU~bout liow mruch expense was i-volved in obtaining the required data.'

What,* in vour op in ion, is the basic caire of any problems encotintered.

What ir.iact :uts dit a ava ilab i 1tv had -in thle 4ua i t v of Propo')SaIls (11

!i ', ~ d4"*'# ,d*I ive-rv or cost (it I i I i at Lrs

V ~ ~ ~ 1 n '.o oxpi rieflre. whi:1 i. hvO been thet maiotr cr1it'-s c1 si-1:lat o!'

0 is rk-.i I I-t it sitwv t tesor actil 'I ight training and -,:Aat datIta wooildt

r,'I~irn' *' o't wico I h-.' I imi tii imns or o!jI&'tIf5
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The following topical outline is submitttd with the request that your

answers be arranged accordingly as an atid to collation in a later task ot

the study.

PRE-PROPOSAL TASK - CONCEPTUAL PHASE

Mission considerations

Scenario

Profiles

Tactics

Weapon system considerations

Performance

Crew station layout

Armament

Avionics

Simulation or training objectives

PROPOSAL TASK - CONCEPTUAL PHASE

Mission definition

Profiles

Targets

Threats

Tactics

Weapns system definition

Armament

Avionics

Crew stations layout anf furnishing

Crewmember task loadings

Aircraft abd oiwer okabt oerfirnabce data

Simulator requirements

Aural simulations

Crew stations

Displays and operable equipment

Environment

Flight envelope and maneuvers

Scanning area
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Instructor stations - emergencies

Mission phases (T.O., cruise, search, weapon delivery, etc.)

Mission situations (threats, targets, etc.)

Mo t i on

Power plant

Visual subsystem

Referenced specifications and standards

Source of detailed data for use after award

SOURCE SELECTION TASK - CONCEPTUAL PHASE

It is assumed that there are no manufacturer technical data requirements

durilg LhI.- .,overnent-colLduc ted task.

ALI, TASKS - P.VI.OPMENT PHASE

Acrodvnarni 'performance

CIvan air-!.ie--steadv state, accelerated flight, full enveloe,

bouncia~lr;, effects.

Uh,mlgek in nrformance (flying qualities) with CG shift, y,.- eg,

flap position, slat position, gear extension, speed brak,
position, buffet, Mach no.

-E:-ects of altitude

Ef:L*cts of external stores

Effects when exceeding flight envelopes

Mantiverilug ci feets, flight cont rols, ongine performance, .tc

Stat1 and post-stall effects

Av ion i c -;

Ar:mament monitor and control

FIII Ct ron i c warfare

lieun i ng

! It'l I cdt;i iofl

II tLc UIYlfl i cat i on.,

N;A'% A'

ta,;ponl ( 1. i vfrUV
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rI
cont robIs, moni tors' i nst rumnt,its, disp lay an(I warn ing (caut ion)

ind icat ors.

Dc tailed I' l %,,I t* nt is i llngs and ad Ius tmcnt s

Eect ion S%'slen|M

Environmental control svstem

Life support system

Light ing

Aural environment due to vibration, wind, system operations,

power plant, brakes, touchdown, alarms, etc.

Electrical system

Bus logic

Cockpit controls and indicators

Emergencies

Fight controls

AFCS operation

Control loading and feel throughout envelope--various configurations--

normal and emergency systems.

Control loading beyond envelope and all abnormalities

Power plant

'rim system

Flaps and slats

Arresting gear

Landing gear

Speed brakes

Fuel systm

Cockpit controls and indicators

In-flight refuel procedures

Internal Lransfer procedures

Emergenc ies

(round handling

brakes

Nose wheel (or other) steering

Motion due to taxiway roughness (pitching)
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Lod/emn chaatern)ic

Fmergency procedures

Instructor station

Communication with student, tactical simulatton, tutorial controls:

emergencies, instrument readings, mission situation.

Monitors of crew performance--hard copy

MiLss ions

Gamning area--si ze--features--dynamics

Tar tics

'largets

Thirevats

We-ipons and weapon delivery modes

I Motion

if Reuutti rements

Powerylanjt performance and controls

Bcf ure start

VEilgine start

Ground operations, response, fuel consumption

V 'Iigiit operations, response, thrust, fuel consumption,

temvierature, altitude and maneuver effects

Eipergenc ie

Visual _system

Coll imation

IN)V1; .ght conditions

Resolution

(Sene contentI Weather effects



r

FABRICATION AND OUAL ITY TE';T TASK - )EVEIU,0PMIENT PIIAS1E

What are the problems with acceptance test procedures?

is the AC performance data to which the simulator is compared in these

tests available on time'?

PRODUCTION AND OPERATIONAL PHASES

What are the problems in keeping the simulator configuration current

with the aircraft configuration?

'I .FLIGHT TRAINERS

Use the same qeustions and acquisition cycle phase breakdown as before

and arrange answers using the applicable portions of the outline presented

for the full mission simulator. Identify the type of flight simulators

r (instrument training, operational procedure, etc.) for which your answers

are intended.

PART TASK TRAINERS

Pick a cockpit p-L.cedure, navigation, electronic warfare or other PTT

with which you have had experience and answer the same questions using

applicable portions of the full mission simulator outline as before. If your

answers are applicable to more thqn one type, please so state. If you feel

that more than one answer is required to present the experiences you have

had, please submit as many replies as you desire.

i6.
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~2V PPENDIX B

AlIRCRAFT SI MULATOR DATA REQU'I REMENT1S STUDY -AlpR WEAP'ON

SYSTEM PR IME CONTRAC[OR QUEI' IONNA 1.RE

The purpose of this questijonnaire is to determine the avai lahil11ty of

the data that simulator contratLor's need to develop simulators that duplicate

thec instrument indicatitons, control forces, etc. of the actual aircraft

within tolerainces acceptable for production units of that aircraft.I

Since it is not practical to dictate the point in the development cycle

oF the ai ret Ltt where the simulator contract will he let, i sncsayt

provide, or t ; vairiLotis possibilii es which will range from over lapp ing

development ot the simlator and the Weapon System to procurement of a

simulator !o'- an otit -oi -produc tion aircraft. Accordingly, information is

desired concerning data in vario~is levels of maturity, i.e., flight test (or

equivalent systemi tests), wind tunnel (or equivalent svstem mock tip", :Ind

ca~c~ lted(L-stimated) data.

AEROD)Y.NAIIC ;)Ar 1 \

Taking Inight test results as the baseline, what does your experience

indicate as theC a1CCUracy of aerodynamic coefficients and other par:17- 'airs

ocerived from. wind Lunnet. data? From calcuilated data?

WheVn COUld a complete set of aerodvinamic coef.ficlents based onl estimated

('a! culat ed ) values and thle fun-t ions showing the depenldence be-tweer appl1!ci~bl e

ci C i ouTt 'W sp i ed'! MonthIs after aware. of con trac, for onmg oinoL

dcvilop11'nt-I a "' gthte r stich, as the F-15.

I.wi WhO .1uild thlzs -awe pckagu hi- mWde available 'sdon wiei' ttunnel

da'lt a?,

'.%lL]f ( il t I). 11,104. ;v;li i ;hl'' '4 ha!ed (m fli ,',ht t,-.t rs1



Do you object to supplying any of these data to simulator manufacturers
who do not manufacture alircraft? To those who do? If so, what alternates do

you suggest"

AIRCRAFT SYSTEMS -electrical, environmental control, hydraulic, pneumatic,

life support, warning, etc.

For each system it is desired to have a description of the system with a

functional block diagram along with schematics. The location and function of

all circuit breakers (or other protection devices), switches, controls and

indicators are needed. The normal readings of all instruments are needed as

well as the variations of these readings to be expected with the operation of

a connected load, shut down of a pump or other normal operation, malfunction

or abnormal system condition. If applicable to the system, load analyses

are required as well as the changes in system operation, if any, with airspeed,

altitude, engine rpm or other functions.

When could the above data be supplied based on calculated (estimated)

data? When based on operating mock up test data? When based on flight test

data?

Do you have an alternate data package to suggest?

AIRCRAFT INSTRUMENTS

A description of the instrument power supply systems and which instru-

ments are lost as alternate power supplies are selected. What instrument

malfunction indications have been provided? A drawing showing the layout of

the instrument panel and panel lighting which is keyed to a list of suppliers

and part numbers of all the cockpit instruments and indicators being employed

is required. Details of any modifications to standard instruments, such as

inactivating one servo of a multi-indication indicator, are required as well

as schematic wiring diagrams.
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When could an initial data package be supplied? How would you suggest

keeping it current for a given tail number of aLrcraft?

AVIONICIE - arrnament control and release system, communication, navigation,

sensors, dc!-ensive systems, and onboard computers

Initially a system description including functional block diagrams with

all equipment nomenc latures is required. This will have to be expanded to

include schematics of the system and the transfer function including

schematics and logic of each item of equipment. If this is not releasable

for a few items of equipment, such as EW equipments which contain computational

I' capability, functionally equivalent data, appropriately so noted, mav be

supplied. it an onboard computer is used either centrally or as part of a

subsystem, the details of the computer -.nd the programs included will be
j. required.

etafl. of an avionics systems' controls, indicators, outputs and displa,s

will be requiretd. if an output is an audible signal a high fidelity recording

of the s igm, i i - dos ired. If the output is a display, photographs of typical

outputs appronriatelv annotated are required. At a later date a ,roperlv

narrat ed flight video tape of the equipments' display is highly desirable for

systems (, ch as sensors) that have a dynamic video display.

't is necessary that the data cover abnormal as well as normal operation.

What (les a poorly adjusted scope look like for example? What is the effect of

actatin. g switches in an improper s,_,quence? What are the most likelv failures

and what i:s the evidence Of such failure apparent to the fl. ight crew?

When could an initial data package (estimated data) with sketches

insle ad o, phiotographis) and aI final pac,,kage bh- 'supplied ?

1hoild vou c lear a simulator contractor tor visits to vouir vtenidors to

dti1i 10 n it' tIi1 1 ot equ Ipment s he mui 1 develop ed I or ,ou ':

.. 2
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II;IIT CON'I . I - .to. i lots, ;tut omkt i(' st.'bi I izat ion systms, d;inpkrs,

suIrfac( ont ro I systems, cockpit contro Is and art i fic ial

fluet systems

A <escription of the systems supported by functional (signal) flow

diagrams, schematics, and transfer funk tions will be required. Movements of

controls as well as applied torques must be capable of being related to the

deflections of appropriate surfaces under all normal conditions within and

slightly beyond the full flight envelope of the aircraft. The effects on

these functions when in an abnormal mode (one generator out for example) is

required. All indicator readings are needed for both normal and abnormal

operation. What are the backup modes and how does the crew bring them into

use? What happends if the procedure to deploy units is incorrect, for example

throws switches in the wrong sequence?

When could this data package by supplied based on calculated data? When

if based on flight test data?

Are there any data items in these systems which you would be reluctant

to supply to another company?

PROPULSION SYSTEM - engine and its auxiliaries, fuel system, oil system

En.ine (turbojet engines, turbofan engines). Data to permit a complete

analog of the perft~rmance of the engine including ground start, taxi, takeoff,

the entire speed-altitude regime of the aircraft, and air starts for both

normal and abnormal (standby systems only) operating conditions. These data

must be such as to co-rectly time relate the location of the power lever to

the indication of all instruments, the fuel flow and the performance of the

aircraft for standard conditions, and data for correcting these figures for

nonstandard conditions, over the full operating range of the engine and

aircraft. The data for corrocting test stand data to installed performance

data is also required.
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The readings of all instruments with their appropriate lags and dynamics

to control movement or actuation is needed.

When could estimated data be supplied? When could it be based on mock-up

test stand running'? When based on flight tests?

When could a high fidelity recording, properly narrated, of the engine

sounds at the crew stations be supplied?

Is there any of this data that you would not desire to deliver to another

manufacturer?

FUEL SYSTEM

Fuel tankage, a functional diagram of how the system works, and fuel

management requirements are needed. All pumps, indicators, switches, etc. must

be spelled out and the readings of all indicators as a function of switch

position and fuel demand is required for both the primary and emergency fuel

systems. In-flight refueling controls and operation should be included.

When could the fuel system data package be supplied if based on I
estimated data? On flight test data?

OIL SYSTEM

Description of the system and system management along with the indicator

readings as a function of engine operation and other variables is needed.

When could this data package be supplied?

' E RFO RMANC E

A description of the maximum ptrl orm;in'ce envelope of the aircra!t in A

ttris of airs.pced (limit', 101 e;kCh configuration), Mai'h no., 1('(elerat ions

A1ti r;it "(.; ol climb or if t., alt itlidh.' ;in ,' It a t II 'k ;1111 , I', I ' I , i ';I iop

i - rt'q virtd ;i n, wi I hi a s t '. .it.n t u t li' rim)' l t' I app rpri at" va 1 ,
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A description of boundary conditions such as buffet boundary, stall warning,

stall and spin entry are also required for the clean configuration and with
various external stores attached.

When could calculated data be supplied? When could the applicable

portions of the data be available from flight tests.

PHYSICAL DATA AND CONFIGURATIONS

Dimensional data of the cockpit section forward to the nose of the

aircraft is required. Drawings to the lowest level are needed for the cockpit

area. Profiles with pilots eye locations are required. Cockpit photographs

would be helpful. The part number and supplier of each panel and it'm in the

cockpit (ejection seat, instrument panel, etc.) is desired. In addition to

drawings, full scale loft lines including the windshields and canopies is

desired.

Dimensional kinematic diagrams and kinematic equations of the flight

control system is required including special flight systems such as tabls,

bob weights, dampers, etc.

Moments of inertia of the aircraft about each axis and dimensional data

of mavable masses (external stores) to permit calculation of moments of

interia in any configuration.

Gross weight and center of gravity data and design limits.

V-N diagrams for all the design conditions of flight.

Rates and limits of movement of tabs and controls.

Maximum design values of rates of pitch, yaw, normal acceleration and

longitudinal acceleration (both in flight and on the ground) are required.
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When in the development cycle of a new airplane can this data package

be supplied if based on estimated data? When if based on flight test or

other full scale operational test data?

Is there any of this data that you would not give to a simulator manu-

facturer who did not manufacture aircraft? Would there be if he did compete

in the military aircraft barket?

DATA FORMAT

It is important that all data be properly annotated as to the conditions

under which it was taken, the method of recording, the analysis and reduction

methods applied, and the methods used for calculation and estimation for

estimated data. Curves which are not supported by the tabular data from which

they were drawn are generally not accurate enough for the simulator final data

package.

I

For all data it is desired to have an estimate of the range of values

over which it is expected these data items will range due to variations in

production aircraft, measurement techniques. ftc.

Although much of the required dart has not existed in formal reports

experience has shown that nearly ili data that is required for the initial

package exists in the form of engineering working papers, engineering in house

reports, engineering memordnda and similar working level informal documentation.

These documents, properly annotated, would be very useitl for the initial

data packa.re.

Havlng supplied an initial data package it is necessary to keep it

current as hetter data becomes available or changes are made which effect the

particular serial number aircraft selected as the baseline for simulation,

1v throughout the :;ervice life of the aircraft. Direct engineer to engineer

conferences, supply of all drawing mods and supplv of all pertinent ,CP's

to the simulator manufacturer have proven to be effective.
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Do you object to supplying any of the data or participating in any of

the conferences outlined above? If so, what is your recommended alternative?

Would you prefer to supply the data to the Government pursuant to a CDRL

item as opposed to delivering it direct to a selected simulator manufacturer

on notification by the Government contracting officer? How about data from

your subcontractors? j
Assuming that it is determined that an on-site representative is required,

would you prefer to have a representative of the simulator manufacturer on-site

in your plant or send one of your well qualified engineers to be on-site in

the simulator's manufacturer's facility for the purpose of engineer to engineer

consultation and gathering additional understanding of the subsystems of the

air weapon systems?

SUMARY

The above covers the types of data which the simulator manufacturers

have indicated they need to design and build an adequate aircraft simulator.

This, of course, would be detailed were it to be put into a specification.

If you have alternate suggestions please be assured that they are earnestly

solicited.

I.4

I
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